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High-Quality-Image Liquid Crystal 
Display Device and the Driving Method 

Thereof 

Field of the invention 
5 The present invention relates to a liquid crystal display (LCD) device and the 

driving method thereof, and more particularly, relates to an improved driving 
method for a LCD device to produce high image quality, by using a preprocessor for 
suppressing the noise induced form the input gray signals, and/or for detecting the 
frame rate of the gray signals to eliminate the possible over or under compensation 
1 0 which can be used in TV monitor, PC, PDA monitors, and the like. 

Background of the invention 

The screen of a LCD device generally comprises many liquid crystal cells 
arranged in columns and rows, forming a pixel array to display images. In each 
pixel, the orientation of liquid crystal molecules can be controlled by the applied 

15 voltage. Since the intensity of light passing through a liquid crystal cell depends 
sensitively on the orientation of the liquid crystal molecule, the pixel array can 
therefore display images by applying voltage signals in accordance with input video 
signals. However, due to its inherent limitations, it requires a relatively long 
response time for a liquid crystal molecule in a certain orientation to be changed 

20 into another orientation as the applied electric field is changed accordingly. This 
response time is determined by the inherent property of the liquid crystal molecule, 



such as viscosity, dielectric and elastic constants. On the other hand, the response 
time also depends on the design of LCD panel, such as the thickness of the gap 
between two electrodes. For a twisted-nematic mode liquid crystal, the typical rise 
time is about 20-80 ms, and the fall time is about 20-30 ms. However, this time 
5 scale is still longer than a typical frame interval (typically 16.67 ms). This means 
that the liquid crystal molecules in each pixel cannot reach the desired orientation 
during one frame interval, so that desired brightness of each pixel cannot be reached, 
thus resulting in afterimage and blurred image when displaying a high-speed 
moving object. 

10 Except looking for faster liquid crystal materials, the problem of afterimage 

caused by slow response time can also be overcome by suitable driving method for 
the LCD device. In general, the problem of afterimage can be effectively reduced by 
a gray signal modulator, which modulates the input gray signal and applies the 
modulated gray signal to the liquid crystal cell, thereby obtaining the desired color 

1 5 and brightness in each pixel during one frame interval. 

Figure 1 shows schematically a block diagram for a typical LCD device, 
which comprises a gray signal modulator 10 for receiving and modulating the input 
gray signals, a timing controller 11 for controlling the signal sequence and 
synchronization, a data driver 12 for converting the modulated gray signal to the 
20 corresponding voltage data sequence, a gate driver 13 for continuously supplying 
scanning signals, and a LCD panel 14, comprising a plurality of gate lines 15 for 
transmitting scanning signals, a plurality of data lines 16 being insulated from and 
crossing the gate lines 15 for transmitting image signals, and an array of pixels 
forming by the areas surrounded by said gate lines 15 and said data lines 16. 
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As can be inferred from FIG. 1, the gray signal modulator 10 plays an 
important role in the LCD device and the driving circuit thereof. To reduce the 
problem of afterimage, the original gray signal was first processed by the gray 
signal modulator 10. The modulated gray signal was then sent into the driving 
5 circuit to provide suitable data voltage to each pixel of the LCD device in order to 
display the desired color and brightness accurately. 

Figure 2 shows a schematic diagram for a conventional gray signal modulator 
and the operation principle thereof. It comprises an input terminal 20 for receiving 
gray signals of input images, a frame memory 21 for storing preceding field image 

10 data, a frame memory controller 22 for controlling the frame memory 21 and the 
reading/writing processes therein, a signal converter 23 for modifying the input gray 
signals, a signal output terminal 24 for sending the modified gray signals to the data 
driver 12. The main function of the signal converter 23 is to compare the current 
field image data with the preceding field image data in the frame memory 21 and 

1 5 send out after modifying the output data to a suitable voltage level by compensation 
voltages. Figures 3A and 3B illustrate how the signal modulator modifies the input 
gray signals. In FIG. 3A, due to the slow response time of the liquid crystal 
molecules, the output brightness cannot reach the desired brightness during one 
frame interval. However, as shown in FIG. 3B, after modifying the input gray 

20 signals by compensation voltages, the output brightness become able to reach the 
desired brightness of the source image during one frame interval, thereby the 
problem of afterimage and blurred image caused by the slow response time can be 
effectively eliminated. In general, to efficiently process the compensation voltages 
in the signal converter, a presetting look-up table is commonly used for quick 

25 response. 
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While the technique described above can effectively eliminate the problem of 
afterimage caused by the slow response time of liquid crystal molecular, however, 
the noise induced by the gray signal modulator is not taken into account. As can be 
inferred from FIG. 3, the main function of compensation voltage is to amplify the 
5 input gray signal. However, such amplification will also enhance noise, leading to 
lower signal-to-noise ratio (S/N ratio) and hence lower image quality. On the other 
hand, the different frame-rate systems are not taken into account in the design of 
conventional LCD driving method. In fact, when the LCD device is designed for a 
certain frame-rate system, the response of the liquid crystal molecule during one 
10 frame interval will also be different, thereby leading to over (or under) 
compensation if the frame rate is slower (or faster) than the design. Therefore, to 
obtain the optimized image quality, the abovementioned problems should be 
overcome by improving the design of driving method of a LCD device, specifically 
its design for the preprocessor in the gray signal modulator. 

1 5 Summary of the invention 

The object of the present invention is to provide a LCD device and a driving 
method thereof that can produce high quality images. 

The driving method for a LCD device in the present invention incorporates a 
signal preprocessor in the gray signal modulator of conventional LCDs. The main 
20 function of signal preprocessor is to preprocess the input gray signals, so that 
optimized gray signals can be obtained from the signal converter and thereby 
producing high-quality images. 

The signal preprocessor of the present invention can be specifically designed 
as a noise-reduction preprocessor for suppressing the noise induced from the input 
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gray signals. On the other hand, the signal preprocessor can also be specifically 
designed as a frame-rate detection preprocessor for detecting the frame rate of the 
input gray signals, which can eliminate the possible over or under compensation 
caused by different frame-rate systems. 

The feature of the present invention is not to modify the framework of 
conventional LCDs, by instead of providing a new driving method to increase the 
response time of a LCD device and improve the image quality by considering the 
character of the input gray signal. 

Brief description of drawing 

FIG. 1 is a schematic diagram showing the main components of a LCD device; 

FIG. 2 is a block diagram showing the functions of a conventional gray signal 
modulator for improving the response of output gray signals; 

FIG. 3 A and 3B illustrate how the conventional signal modulator modifies the input 
gray signals, and thereby obtaining the desired colors or brightness during 
one frame interval; 

FIG. 4 is the gray signal modulator of the present invention, wherein a signal 
preprocessor is used for processing the input gray signals or detecting a 
certain character thereof; 

FIG. 5 is the signal preprocessor of the present invention specifically designed as a 
noise-reduction preprocessor for suppressing the noise induced from the 
input gray signals; 

FIG. 6 A shows the operation principle of the noise-reduction preprocessor of the 



present invention; 

FIG. 6 B illustrates the effects of noise-reduction preprocessor on the input gray 
signals; 

FIG. 7 is the signal preprocessor of the present invention specifically designed as a 
5 frame-rate detection preprocessor for detecting the frame rate of the input 

gray signals; 

FIG. 8 shows the operation principle of the frame-rate detection preprocessor of the 
present invention. 

Detailed description of preferred embodiments 

10 The schematic diagram shown in FIG. 4 is a modified gray signal modulator 

40 of the present invention. The modified gray signal modulator 40 is similar to the 
gray signal modulator of the prior art shown in FIG. 2, having a gray signal input 
terminal 41, a frame memory 42, a frame memory controller 43, a signal converter 
44, a look-up table 45 for quick response of the change of signals and a gray signal 

15 output terminal 46. The feature of the present invention is that a signal preprocessor 
47 is incorporated between the gray signal input terminal 41 and the signal 
converter 44. When the current field image data F n is received by the signal input 
terminal 41, it can be modified to Fn by the signal preprocessor 47. This 
modification data Fn can be obtained by considering the difference between the 

20 current field image data F n and the preceding field image data F n -i in the frame 
memory 42. After that, the F„' and the F n -j in the frame memory 42 are sending into 
the signal converter 44, and the modulated gray signal data MF n can be quickly 
obtained by via referring to the signal converter 44 and a look-up table 45. The 
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modulated gray signal data MF n provides compensation voltages accurately so that 
the desired color or brightness of each pixel can be achieved. In some circumstances, 
the signal preprocessor 47 can be specifically designed as a detection preprocessor 
for detecting a certain character of the input gray signals. In this case, the signal 
5 preprocessor 47 is not necessary to consider the preceding field image data F n .j in 
the frame memory 42. The suitable modulated gray signal MF n can be obtained by 
just sending a corresponding flag to the signal converter 44 for selecting suitable 
converting scheme. 

The gray signal modulator 40 as described in FIG. 4, wherein the signal 
10 preprocessor 47 can be specifically designed as noise-reduction preprocessor for 
suppressing the noise induced from the input gray signal, which is the first preferred 
embodiment of the present invention. Figure 5 shows a schematic diagram for the 
first preferred embodiment, wherein the noise-reduction preprocessor 51 can 
effectively reduce the noise entering the signal converter. The method for 
15 noise-reduction is illustrated by the schematic diagram shown in FIGs. 6 A and 6B. 
First, as can be seen in Fig. 6A the current filed image data F n and the preceding 
filed image data F n .j were sent into a subtracter 61. Then the obtained F n -F„.j was 
sent into a comparator 62 for comparing with a presetting noise threshold N th . A 
modification factor a {a < 1) 63 is then determined by the results of comparison as 
20 follows, 

* = 1, if\F n -F n „ x \>N th , 
a<l, if \F n -F n _ x \<N th , 

where a satisfies a = f(F„,F n _ u N th ). After determining the modification 
factor a > the modified image data F n ' can be obtained by the following relation, 
25 Fh= F h> for a = l ' and 



F n ^F n _ x +a{F n -F n _ x \ for a<l. 

In other words, when | F n - F n _ x \> N th , the F n is considered as a signal and 
the output Fn doesn't need any modification. However, when | F n - F n _ x \< N th , the 
F n is considered as a noise so that the F n ' is modified by a factor of a (a<l) to 
5 suppress the noise. The method for noise reduction can be further explained by FIG. 
6B. As can be seen in this figure, the noise-induced fluctuation in signal can be 
effectively reduced. On the other hand, because the "signal" has not been modified, 
the voltage level of the original image data can be preserved. 

The gray signal modulator 40 as described in FIG. 4, wherein the signal 
10 preprocessor 47 can also be specifically designed for detecting a certain character of 
the input signal, which is the second preferred embodiment of the present invention. 
Figure 7 shows a schematic diagram for the signal preprocessor, which is 
specifically designed as a frame-rate detection preprocessor 71 for eliminating the 
over compensation effect induced by the different input frame rates. The method for 
15 frame-rate detection can be illustrated by the diagram shown in FIG. 8. It generally 
comprises an input terminal 80 for inputting synchronization signal Vsync, a counter 
81, a reference clock 82 and an output terminal 83 for outputting the flag of 
corresponding frame rate. By using the input synchronization signal Vsy nc and the 
reference clock 82, the counter 81 can accurately determine the frame rate of the 
20 input signals and send out the corresponding flag. By using this flag, suitable 
converting scheme or (look-up table) can be determined so that the over or under 
compensation caused by different rate systems can be eliminated. 



Now that the preferred embodiments of the present invention have been shown 
and described in detail, various modifications and improvements thereon will 
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become readily apparent to those skilled in the art. Accordingly, the spirit and 
scope of the present invention is to be construed broadly and limited only by the 
appended claims, and not by the foregoing specification. 
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